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mutation in TYRP1 (1.3%; 95% CI,
0.32–7.1%) was found. This knowledge,
in combination with data from
previous studies, will improve our
understanding of the molecular epide-
miology of OCA in Pakistan. The results
of our study will be important for future
OCA diagnoses, genetic counseling,
and functional studies of the TYRP1
and SLC45A2 proteins.
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TO THE EDITOR
Vitamin C (VitC) is a potent radical
scavenger (Buettner and Jurkiewicz,
1996) and is a component of the
antioxidant system in human skin. The
skin is constantly confronted with
reactive oxygen species and other free
radicals as a result of environmental
inflictions (Thiele et al., 2001), as well
as the endogenous formation of radicals
(Berger, 2005). The skin comprises a
variety of antioxidants, e.g., VitC,
which must be taken in with food as
human cells lack the enzymes for
synthesis. In healthy volunteers, oral
and topical application of VitC reduces
skin photo damage (Dayan et al., 2011).
Supplementation of VitC might be
controversial, but it is commonly
implemented. The aim of this investi-
gation was to conduct a feasibility study
to measure changes in the radical
scavenging capacity of human skin
in vivo in response to the supplementa-
tion with moderate VitC doses. Further-
more, we were interested in learning
about the kinetics of VitC uptake. It was
investigated whether the uptake is dose
dependent. A total of 33 healthy volun-
teers (aged between 22 and 57 years, 16
men and 17 women) were supplemented
with dose 1 of VitC (100 mg calcium
ascorbate per day), dose 2 of VitC
(180 mg calcium ascorbate per day), or
a placebo for 4 weeks.
The study was approved by the Ethics
Committee of the Charite´–Universita¨ts-
medizin Berlin and conducted in accor-
dance with the Declaration of Helsinki
Principles. Participants had given their
Abbreviations: EPR, electron paramagnetic resonance; TEMPO, 2,2,6,6-tetramethyl-1-piperidinyloxy; VitC,
vitamin C
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written informed consent before taking
part in the study. The skin of the inner
right forearm was investigated with
electron paramagnetic resonance (EPR)
spectroscopy at the baseline and after
4 weeks. EPR spectroscopy allows the
noninvasive in vivo measurement of
the radical scavenging capacity in
human skin (Haag et al., 2011): 50ml
of a 30-mM solution (water/ethanol,
1:1) of the stable radical, 2,2,6,6-
tetramethyl-1-piperidinyloxy (TEMPO)
was applied to the skin and allowed to
penetrate for 10 minutes. The nitroxide
TEMPO has been found to be applicable
in human skin measurements (Fuchs
et al., 1997). The antioxidant system of
the skin depletes the radical molecules.
The decrease in radicals over time
can be measured with in vivo EPR.
The rate constant, which describes the
exponential signal loss, correlates with
the antioxidant capacity: the greater the
decrease in the EPR signal over time,
the higher the rate constant of the
describing function.
Apart from EPR measurements, reso-
nance Raman spectroscopy was per-
formed on all volunteers. Raman
spectroscopy is a validated method to
determine skin carotenoids, which are
important fat-soluble antioxidants, in vivo
and noninvasively (Darvin et al., 2005).
After 4 weeks, the intake of 100 and
180 mg VitC per day resulted in a
significant increase in the radical
scavenging capacity by 22% (P¼0.01)
and 37% (P¼ 0.003), respectively
(PASW Statistics, SPSS, Chicago, IL,
Wilcoxon signed ranks test). The
placebo group showed no differences
(P¼ 0.6). Examination of the differences
in the rate constants after 4 weeks
(Figure 1) showed that both the experi-
mental groups differed significantly from
the placebo group (dose 1, P¼0.034;
dose 2, P¼0.001; Kruskall–Wallis and
Mann–Whitney tests). The comparison
of both the experimental groups demon-
strated that the dose 2 VitC group
showed a 1.7 times greater increase
compared with the dose 1 VitC
group. This difference is not significant
(P¼ 0.217), but comparable to the 1.8
times higher VitC concentration in
dose 2. The results indicate that dietary
supplementation with VitC can have a
significant effect on the skin radical
scavenging activity. As this was a feasi-
bility study to evaluate whether VitC
supplementation altered the radical
scavenging capacity of the skin, only
11 volunteers in each group were exam-
ined. To validate these findings, further
investigations should be carried out.
The bioavailability of VitC in serum
shows saturation effects above a 200-mg
single dose (Levine et al., 1996).
Therefore, both applied daily doses of
calcium ascorbate (single doses: 50 and
90 mg) can be regarded as moderate
doses, which were most likely
completely taken up into the blood.
A portion of the study population
(n¼ 9) was also measured after 2 weeks:
at this time, radical scavenging activity
had already reached maximal capacity
(Figure 2). It can be assumed that a
considerable effect is measurable much
earlier. This underlines the different
uptake behavior of VitC compared
with carotenoids, which have been
investigated in several studies and
shown to accumulate over longer time
periods (Meinke et al., 2010). It is
known that carotenoids and other
lipophilic compounds, such as vitamin
E, are delivered to the skin by the blood
(Richelle et al., 2006) and sebaceous
glands (Thiele et al., 1999), or through
the sweat glands (Lademann et al.,
2009). VitC is absorbed by active and
specific sodium-dependent transporters
(Wang et al., 2000). Interestingly, the
epidermis is a compartment expressing
two major transporter isoforms,
indicating a particular requirement for
VitC (Steiling et al., 2007).
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Figure 2. Rate constants of the vitamin C subgroup (n¼9) after supplementation with vitamin C dose 1
supplement for 2 and 4 weeks.
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Figure 1. Differences in rate constants (visit 2–visit 1) after 4 weeks of supplementation with placebo,
dose 1 vitamin C, or dose 2 vitamin C.
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Total carotenoid contents (mostly b-
carotene) and lycopene contents were
measured on the palm and the forearm
(data not shown). It is noteworthy that
the total carotenoid content on the palm
remained the same in the placebo group
but increased in both VitC groups by
31% after 4 weeks. However, the
increase was not significant. Further-
more, different absolute values could be
obtained on other body sites as is known
from carotenoids (Darvin et al., 2005).
All volunteers had to complete a food
frequency questionnaire concerning
their diet, with the focus being on fruit
and vegetables. Overall, the study popu-
lation maintained a balanced nutrition.
No significant differences could be
observed within all study groups over
all visits. In addition, the differences in
VitC uptake through food between the
groups were not significant. The esti-
mated baseline daily intake of VitC with
fruit and vegetables was B76 mg
(SD±40 mg).
Analysis of the initial Raman results at
V1 for all 33 volunteers revealed that
high vegetable intake was associated
with a statistically enhanced carotenoid
content: the total carotenoid content on
the palm was 39% greater in volunteers
who consumed large amounts of vege-
tables. This is well in accordance with
the results of prior studies investigating
dietary effects on skin carotenoids
(Mayne et al., 2010). Nevertheless, no
correlation was found between the diet
and the effects of VitC supplementation.
Although the analysis of TEMPO radi-
cal scavenging did not determine the
total antioxidant capacity, it seems to be
a suitable noninvasive method for mea-
suring skin antioxidants. In conclusion,
orally administered VitC increased the
radical scavenging capacity of the skin.
The effect occurred fast and was
enhanced with higher doses of VitC,
which was not significant. This feasibil-
ity study shows that the EPR method is
able to detect the uptake of moderate
VitC but further investigations should be
carried out.
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TO THE EDITOR
Long-term exposure to UV radiation
induces photoaging. The balance
between extracellular matrix (ECM)
proteins and matrix metalloproteinases
(MMPs) is thought to have a main role in
wrinkle formation (Fisher et al., 2002).
UV significantly induces at least three
types of MMPs, namely MMP-1, MMP-
3, and MMP-9, in human skin in vivo
(Quan et al., 2009). Interstitial
collagenase (MMP-1) initiates the
degradation of type I and III fibrillar
collagens, and then further degradation
is followed by MMP-3 (stromelysin-1)Abbreviations: ECM, extracellular matrix; MMP, matrix metalloproteinase
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